Background/Aims: We investigated the clinical outcomes according to the method of treatment in synchronous esophageal and gastric cancer. Methods: Synchronous esophageal squamous cell carcinoma and gastric adenocarcinoma were diagnosed in 79 patients between 1996 and 2010. We divided the patients into four groups according to treatment; Group 1 received surgical resection for both cancers or surgery for gastric cancer with chemoradiotherapy for esophageal cancer (n=27); Group 2 was treated by endoscopic resection with or without additional treatment (n=14); Group 3 received chemoradiotherapy only (n=18); and Group 4 received supportive care only (n=20). Results: The median survival times in groups 1 and 2 were 86 and 60 months, respectively. The recurrence rate and mortality were 23% and 48%, respectively, in group 1 and 21% and 4%, respectively, in group 2. The median survival time was 12 months in group 3 and 9 months in group 4. Multivariate analysis showed that age (p<0.001) and treatment group (p=0.019) were significantly associated with death. Compared with group 1, treatment in the intensive care unit (p=0.003), loss of body weight (p=0.042), and decrease in hemoglobin (p=0.033) were worse in group 1. Conclusions: Endoscopic resection for synchronous esophageal and gastric cancer could be considered as a possible alternative to surgery for early-stage cancer. (Gut Liver 2015;9:59-65) 
INTRODUCTION
The occurrence of multiple primary cancers in the upper aerodigestive tract including the esophagus is a well-known phenomenon that has been explained by the concept of "field cancerization." However, the occurrence of synchronous esophageal squamous cell carcinoma and gastric adenocarcinoma is rare (1.4% to 5.8%). 1, 2 The reason for its rarity is thought to be that the two cancers do not share risk factors; for example, smoking has been identified as a definite risk factor for esophageal squamous cell carcinoma, while Helicobacter pylori infection is an important risk factor for gastric adenocarcinoma. Recently, an increase in the number of diagnosed multiple primary cancers has been reported, 3 and the frequency of synchronous upper gastrointestinal tract cancer is also increasing due to the application of advanced diagnostic tools, especially endoscopy, and the prolonged life span of the general population.
There have been a few reports of synchronous esophageal and gastric carcinoma. In 1998, Koide et al. 2 reported retrospectively on 24 cases of synchronous gastric tumors associated with esophageal cancer, but not all the gastric tumors were malignant. More recently, Bai et al. 4 described 64 synchronous upper gastrointestinal malignancies including 34 cases of synchronous esophageal squamous cell carcinoma and gastric adenocarcinoma. However, there was insufficient discussion of treatment and prognosis in that study, and the number of patients was too small for an analysis of the clinicopathological and endoscopic features. To our knowledge, there have been few studies of the prognosis of these synchronous cancers according to treatment modality including endoscopic resection. Moreover, there has been only one report, involving two cases, of endoscopic treatment for synchronous esophageal and gastric cancer. 5 We, therefore, aimed to investigate the clinical outcomes of synchronous esophageal and gastric cancers in a single center according to treatment method.
MATERIALS AND METHODS

Patients
Between December 1996 and December 2010, a total of 2,405 patients with histologically confirmed esophageal carcinoma, and 26,029 patients with histologically confirmed gastric carcinoma were admitted to Asan Medical Center, and synchronous esophageal and gastric carcinomas were found in 93 patients. Of these, 14 patients were excluded, including two patients with esophageal adenocarcinoma, which is relatively rare in Korea, six with gastric squamous cell carcinoma, and six with incomplete data. Therefore, we analyzed the outcomes of 79 patients with synchronous esophageal squamous cell carcinoma and gastric adenocarcinoma. After getting verbal informed consent, we obtained information about the status of each patient, including the cause of death of any patient who was lost to follow-up. This study was approved by the Institutional Review Board of Asan Medical Center.
Definitions
A gastric cancer was defined as synchronous if it occurred within 6 months of diagnosis of the esophageal cancer. Curative treatment was defined as no tumor after treatment of an esophageal cancer in follow-up examination with endoscopy, chest computed tomography, and/or positron emission tomography scan, which was performed after March 2001 in our hospital. Tumor staging was based on the American Joint Committee on Cancer 7th TNM system and the degree of differentiation was classified as recommended by the World Health Organization. 6 Well or moderately differentiated carcinomas were classified as differentiated histologic type. Poorly differentiated carcinoma and signet ring cell carcinomas were classified as undifferentiated types. If the two types were mixed, we selected the dominant one, as recommended by the World Health Organization. 3. Treatment protocols for resectable esophageal cancer and gastric cancer in our hospital
Before 1997, neoadjuvant chemoradiotherapy (CRT) was performed for esophageal cancer and the tumor was then reevaluated for resectability. Between 1999 and 2002, immediate surgery or neoadjuvant CRT was performed for resectable cancer. After 2003, induction chemotherapy followed by CRT was performed in resectable esophageal cancer. Surgical resection was performed 4 to 6 weeks after the end of radiotherapy (RT) using a transhiatal abdominal-right thoracic (Ivor-Lewis) or right thoracic-abdominal-cervical (McKeown) approach. The proximal and distal margins had to be ≥6-8 cm from the gross tumor. A frozen section of the resection margin of each tumor was examined by a pathologist before completion of surgery. Resection was considered incomplete when microscopic examination revealed a positive margin (R1) or residual gross disease (R2). Patients who had incomplete surgical resection were treated with additional postoperative RT, with or without chemotherapy. 8 Gastrectomy was recommended for patients who do not fulfill the criteria for endoscopic resection. Gastrectomy removing both the tumor and the lymph nodes was also being performed where lymph node involvement was detected or strongly suspected during preoperative staging. Either subtotal or total gastrectomy was performed, depending upon the tumor location, and laparoscopic-assisted gastrectomy has been performed in our institute since 2004.
Endoscopic resection was performed in some cases of superficial esophageal cancer including mucosal esophageal cancer (T1m) without evidence of lymph node metastasis, and in differentiated early gastric cancer without evidence of lymph node metastasis within the indication criteria, including (1) mucosal cancers without ulcerative findings, regardless of tumor size; (2) mucosal cancers with ulcerative findings ≤30 mm; and (3) a minute (<500 μm from the muscularis mucosae) submucosal invasive cancers ≤30 mm. 9, 10 Only endoscopic mucosal resection (EMR) was performed until 2003, and, in addition, endoscopic submucosal dissection (ESD) was performed after 2004. In EMR, after checking the lesion, saline containing epinephrine mixed with indigo carmine was injected into the submucosal layer. The raised lesion was removed using an SD-9U-1 or SD-12U-1 snare (Olympus, Tokyo, Japan) after circumferential mucosal incision. For ESD, the typical procedure sequence involved marking, mucosal incision, and submucosal dissection with simultaneous hemostasis. After making several marking dots outside the lesion, saline containing epinephrine and indigo carmine was injected into the submucosal layer. A circumferential incision was made and submucosal dissection was performed with various knives until the lesion was completely removed. Endoscopic hemostasis was performed with hemoclips or hemostatic forceps (FD-410LR; Olympus) whenever bleeding or an exposed vessel was observed.
Subgroup analysis
In order to compare the clinical outcomes of the various treatment options for synchronous cancer, the patients were divided into four groups according to treatment method. Patients who were treated with curative intent were divided into group 1 and group 2 to compare endoscopic and surgical resection. Group 1 received surgical resection for both cancers or surgery for gastric cancer with CRT for esophageal cancer (n=27), group 2 were treated with endoscopic resection for at least one cancer with or without some other treatment, such as surgery and CRT (n=14), group 3 received only CRT without surgical or endo-scopic resection (n=18), and group 4 were given only supportive care (n=20).
Statistical analysis
Baseline continuous and categorical variables are presented as median and number (percentage). Continuous variables were compared using Student t-test or the Wilcoxon rank-sum test, and categorical variables were compared with Fisher exact test or Pearson chi-square test. Correlations between variable factors and death were assessed by univariate and multivariate Cox proportional hazards regression analysis. Variables with a p-value <0.15 in univariate analysis were included in the multivariable model. The final models were determined by backward variable selection, where the least significant variables were removed one-by-one after fitting the full nonparsimonious model. All p-values were two-sided, and p-values less than 0.05 were considered statistically significant. R software version 2.10.1 was used for all statistical analyses.
RESULTS
Baseline characteristics of synchronous esophageal squamous carcinoma and gastric adenocarcinoma
Baseline characteristics of the 79 patients are presented in Table 1 . The median survival time was 21 months (interquartile range [IQR], 8 to 81 months) for all 79 patients (77 men and two women: median age, 67 years; IQR, 61 to 71 years). Of these, 34 had underlying disease, with 21 presenting with cardiovascular disease (16 with hypertension, three with ischemic heart disease, and two with atrial fibrillation). In addition, six patients presented with diabetes mellitus and two with neurological disease (both of whom had suffered previous cerebral vascular accidents). Furthermore, seven had a history of another form of cancer (three with head and neck cancer, two with uterine cancer, and one each with prostate and skin cancer). We also found that three patients had liver cirrhosis, two had tuberculosisassociated lung disease, and one had a history of pancreatitis. Sixteen patients had a family history of malignancy (eight with gastric cancer, five with lung cancer, two with liver cancer, and one with colorectal cancer).
Of the 79 patients, 59 were diagnosed as synchronous esophageal and gastric cancer at first endoscopy. Of the remaining 20 patients, four patients could not be diagnosed with gastric cancer initially because the endoscope was not able to pass through a stricture, in eight others the early gastric cancer was missed at the initial EGD, and in the remaining eight superficial esophageal cancers were missed initially. At the initial EGD, a total of six patients had strictures that made it impossible for the endoscope to pass the esophagus. In two of these patients the gastric cancer was diagnosed using an ultra-slim scope, in two others after insertion of an esophageal stent, in the fifth after resolution of the stricture by CRT, and in the final patient by examination of a surgical specimen.
Treatment of synchronous cancers and clinical outcomes
The incidence of synchronous esophageal squamous cell carcinoma and gastric adenocarcinoma has increased with time and the treatment modality has changed. In addition, the number of individuals recommended for screening for gastric cancer in Korea increased from 403,000 to 3,021,000 between 2002 and 2011. 11 The treatments employed for synchronous esophageal and gastric cancer are shown in Table 2 . Of the 29 cases where both cancers were resected, surgical resection was performed for both cancers in 20 cases, one cancer was treated by surgical resection and the other by endoscopic resection in six cases, and both cancers were treated by endoscopic resection in three cases. Surgical or endoscopic resection for the gastric cancer combined with CRT for the esophageal cancer was performed with curative intent in 12 patients. Negative resection margins were confirmed in the surgical specimens of all 25 patients who received surgical resection of the esophageal cancer, but recurrence was detected in five of these patients a median 22.4 months (IQR, 11.5 to 55.4 months) after treatment; one of these five patients developed metastatic hepatic and bony lesions 6 months after operation, and four received chemotherapy for their recurrence. Four of the five patients died a median of 33 months (IQR, 14.5 to 102.5 months) from the initial diagnosis, and one patient has been followed up for 8 years after chemotherapy without further recurrence.
Complete resection was achieved in all four patients who received endoscopic resection of their esophageal cancer. Two of these suffered recurrence 8 and 20 months after treatment, respectively; both received endoscopic resection once more, and have been followed for 13 and 32 months, respectively, without further recurrence.
Complete resection was also achieved in 12 of the 13 patients who received endoscopic resection of their gastric cancer, and the remaining patient with involvement of the lateral or vertical margin was treated with chemotherapy. In three of these patients, other early gastric cancers were found, 4, 6, and 12 months, respectively, after the first EMR of their gastric cancer. Of these three patients, one was treated by endoscopic resection, one underwent a total gastrectomy, and one refused further treatment.
The overall 3-and 5-year survival rates of all patients were 36% and 29%, respectively in group 1; the overall 3-and 5-year survival rates were 69% and 52%, respectively in group 2; they were both 57% in group 3; the 3-year survival rate was 7%, and all patients in group 4 died within 3 years. The various oncologic outcomes are presented in Table 3 .
Risk factors for death from synchronous esophageal and gastric cancer
Univariate analysis showed that older age, advanced histology of esophageal cancer, advanced stage of esophageal and gastric cancer, and membership of group 3 or 4 increased death ( Data are presented as number of patients (%) or median in months (interquartile range).
of death was found between group 1 (reference) and group 2 (HR, 1.153; 95% CI, 0.335 to 3.965; p=0.821) ( Table 5 , Fig. 1 ).
Comparison of morbidity and nutritional status
Clinical variables relating to complications and morbidity after treatment in group 1 and group 2 are compared in Table 6 . The proportions of patients receiving intensive care (p=0.003), loss of body weight (p=0.042), and reduction in hemoglobin (p=0.033) at 24 months after treatment were lower in group 2 than in group 1 but there was no difference in death rate (48.1% vs 28.6%, p=0.228) or recurrence rate (22.2% vs 14.3%, p=0.354).
DISCUSSION
In the present study, we compared clinical outcomes according to treatment method in 79 patients with synchronous esophageal squamous cell carcinoma and gastric adenocarcinoma. We found that endoscopic resection for synchronous resectable esophageal and gastric cancer was feasible and safe, because survival was similar to that after surgical resection, and postoperative morbidity, especially the nutritional status of the patients, was lower than after surgery. Since the prognosis was significantly better when surgical and endoscopic resection was performed, early detection of synchronous esophageal and gastric cancer when they are resectable is desirable for good outcomes.
Although surgical resection for synchronous esophageal and gastric cancer may be adequate in terms of curability, the options are limited in advanced cases involving patients in poor clinical condition. Bai et al. 4 reported that only 11 of 36 (30.6%) patients with synchronous esophageal and gastric cancer were able to undergo curative surgery while the rest received chemotherapy or palliative treatment because of distant metastases, severe comorbidities, and refusal of surgery. Recently, progress has been made in the endoscopic treatment of early gastric cancer and superficial esophageal cancer, and it has been suggested that endoscopic treatment is appropriate 12 for completely curative and minimally invasive treatment of gastrointestinal mucosal cancer. 13, 14 Furthermore, it is advantageous to remove the gastric tumor endoscopically before surgery for esophageal cancer because the stomach can be used in the reconstruction. 2 Until now, there has been only one report mentioning endoscopic resection for synchronous esophageal and gastric cancer. 5 In the present study, 14 patients received endoscopic resection for one or both of their cancers with or without other treatments and their survival after surgical resection for both cancers or surgery for the gastric cancer with CRT for the esophageal cancer was similar.
After endoscopic resection there is a risk of metachronous esophageal or gastric cancer, as the field of carcinogenesis remains. 15, 16 Therefore, early detection of metachronous cancer through careful yearly endoscopic examination is considered to be needed for favorable long-term outcomes after endoscopic resection. Two patients in the present study were found to have metachronous esophageal cancers 8 and 20 months, respectively, after the original endoscopic resection for esophageal cancer, but both lesions were resected by endoscopic resection and both patients have been followed without further recurrence. Metachronous early gastric cancers were found in three patients who had received endoscopic resection for gastric cancer, and the lesions were removed by endoscopic or surgical resection in two instances, while the third patient refused further treatment. Despite the risk of metachronous cancer after endoscopic resection, which may reduce the cost effectiveness of this procedure, 17 the superior quality of life and nutritional status that result could outweigh the disadvantages. Although an association of esophageal squamous cell carcinoma with adenocarcinoma of the stomach has been reported sporadically in Japan, 1,2 their synchronous occurrence is relatively uncommon. 18 In this study, the frequency of synchronous esophageal and gastric cancer increased with time. In Korea, nationwide screening of men and women over 40 for gastric cancer started in 2002, and the proportion of the population recommended for screening increased annually by 4.2% between 2004 and 2011. 19 We suggest that the increased frequency of synchronous esophageal and gastric cancer is due to improvements in endoscopy, the prolongation of life span, and the increase in upper endoscopic screening. Nutritional status in patients with cancer is an important issue that influences quality of life, and malnutrition is an unavoidable consequence of surgical resection of esophageal and gastric cancers. 20, 21 The clinical parameters, such as change in body weight and hemoglobin, which are considered to reflect nutritional status, 22, 23 were more favorable after endoscopic resection than after surgical resection in the present study. Therefore, if endoscopic resection is possible for synchronous esophageal and gastric cancer, we suggest that it is superior to surgical resection with respect to nutritional status. Our study has important limitations because its retrospective design meant that the treatments were not based on randomization. Although it is based on a large number of synchronous esophageal squamous cell carcinomas and gastric adenocarcinomas, it is still small for an analysis of the clinical variables. Nevertheless, its findings suggest an appropriate methodological design for future prospective randomized studies of the treatment of synchronous esophageal and gastric cancer.
In conclusion, since the prognosis is significantly better when surgical and endoscopic resection is performed, early detection of synchronous esophageal and gastric cancer when they are resectable is desirable. Endoscopic resection for synchronous resectable esophageal and gastric cancer is a possible alternative treatment method with similar rates of survival to surgical resection, and superior nutritional status after treatment.
